Purpose of Review This article provides a brief overview of electrochemical potential-biological activity relationships of natural and synthetic cyclic sulfur-containing molecules against Steinernema feltiae, Botrytis cinerea, and Neuro 2a cell line (from murine neuroblastoma). Recent Findings This article finds natural cyclic sulfur-containing molecules and their synthetic analogues were more reducing than glutathione (GSH) and therefore apparently did not react with GSH. The nematicidal assay indicated that cyclic disulfide compound of 1 (3-vinyl-4H-1,2-dithiin, 1,2-VDT) was more active against Steinernema feltiae with the LD 50 value 151.93 ± 1.3 μM, while dithiole thione group compounds showed moderate activity against this nematode. The article also finds compound 7 (3H-1,2-dithiole-3-thione or dithiolethione, DT) has a strong activity against all different strains of Botrytis cinerea in the range concentration of 0.1-0.5 mM. This article also finds that compounds 3 (1,2-dithiane, 1,2-DT), 4 (1,5-dithiacyclooctane, 1,5-DTCO), and 7 (3H-1,2-dithiole-3-thione or dithiolethione, DT) possess some moderate activity on Neuro 2a cell lines. Summary Antinematode, antifungal, and anticancer activity of cyclic sulfur-containing molecules indicated that they could be promising candidates for Bgreen pesticides^or phytoprotectans and for cancer prevention.
Introduction
In biochemical sciences, oxidative stress (OS) is often associated with increasing oxidation species or active species in cells [1] . Meanwhile, in biology, the OS describes the imbalance between healthy cells and the amount of oxidation process or describes cell degeneration or cells turn out to be abnormal, such as cancer cells and inflammatory cells [2] [3] [4] . The OS in the cell is characterized by the disturbance of the cell defense system due to the high concentration of active species such as reactive oxygen species (ROS), reactive nitrogen species (RNS), reactive oxygen and nitrogen species (RNOS), and reactive sulfur species (RSS). Some diseases, such as cancer, hypoxia, inflammation, and also aging, are often associated with OS and antioxidant levels in cells [5] [6] [7] . Sulfurcontaining molecules are accurately able to react with species or compounds containing sulfur in cells such as glutathione (GSH), cysteine Cys), and other tiol groups (RSH groups), also called Bthiolsat cellular.^The term Bthiolsat cellularŵ as first introduced by Prof. Dr. Claus Jacob from
This article is part of the Topical Collection on Redox Modulators * Khairan Khairan khairankhairan@unsyiah.ac.id
Universitaet des Saarlandes, Saarbruecken, Germany, in 2011.
He provides an overview of active sulfur reduction groups and the possible reactions that occur in cells [8-10, 11••] . Allicin (diallyl disulfide-S-monoxide) from garlic (Allium sativum) is one example of natural compounds that describe sulfur-containing molecules. This compound can react with thiol groups contained in cells because of its ability to form a disulfide bond through a sulfur-exchange reaction. Garlic (Allium sativum), red onion (Allium cepa), and several families from Allium have long been used as ingredients for cooking. For thousands of years, this plant has also long been used as a medicinal plant to cure almost all types of diseases and has also long been used for antimicrobial activity [12] [13] [14] .
At present, the Allium family plants are back to the attention of researchers because these plants are rich in sulfurcontaining molecules such as allicin. This compound is believed to have high reactivity to microbes, fungi, bacteria, and their possible application to treat cancer and cardiovascular disease [15•, 16] . Okada et al. have reported that allicin, besides being a reactive sulfur species (RSS), also acts as an antioxidant because it involves the mechanism of H atom abstraction from the allyl group next to the disulfides bond (S-S) (-S(O)SCH 2 CH=CH 2 ). The transfer of this H atom might play an important role in radical-trapping activities [17] .
Allicin can also undergo biotransformation to form vinyldithiins compounds via the Diels-Alder (D-A) reaction mechanism [16] . According to Beslin et al., allicin biotransformation reactions will produce compound 2 as a significant product (major product) in semipolar solvents, and compound 1 as a by-product (minor product). The mechanism of allicin biotransformation to form vinyldithiins can be seen in Fig. 1 [18] [19] [20] .
Vinyldithiins are regioisomeric compound, heterocyclic compound that has two sulfur atoms and has better stability than allicin [21] . Pharmacological studies show that compound 1 is more lipophilic than compound 2. Recent research has shown that compound 1 tends to accumulate into fat tissue compared to compound 2. In addition, compound 1 is also readily biotransformed by microsomes in rat (murine) tissue [22] . Blood analysis test in mice showed that compound 1 was also able to reduce cholesterol in the blood and also possible to be used as a food supplement or for nutrition [23] .
Cyclic disulfide compounds have attracted many researchers in this decade. Compounds 3 and 4, for example, are known to play essential roles in chemical and biological processes [24] . Other cyclic disulfide compounds that have pentacyclic structures such as α-lipoic acid (5) and lipoamides (6) used in this study, which are used as comparators, are also known to have antioxidant activity.
Several other cyclic sulfur-containing molecules contain polysulphanes groups, that is, groups of compounds that have dithiolethiones groups such as compounds 7, 8, 9, and 10. These compounds are known to have chemoprotective activity and have antitumor activity [25] . Recent research shows that some dithiolethiones compounds, especially compound 8, can inhibit cardioprotective activity because of their ability to release H 2 S from dithiolethiones groups [26] .
Munday also reported that compound 7 which is a lead compound of this class of compounds is known to have activity inducing phase 2 enzymes in rats compared to compound 8. The phase 2 enzymes include quinone reductase (QR), NAD[P]H:quinone acceptor oxidoreductase (NQO1), glutathione S-transferases (GST), microsomal epoxide hydrolase (mEH), and UDP-glucuronosyltransferase (UGD). Compound 7 has been known as able to increase tissue activities of phase 2 detoxification enzymes such as glutathione-S-transferase (GST) and NAD(P)H/quinine oxidoreductase 1 (NQO1) through activation of nuclear factor-erythroid 2 p45 related factor 2 (Nrf2) [27, 28] . According to Munday results, this compound could be able to use a promising chemopreventif agent and to protect against chemical carcinogenesis [28] . Compound 9 is a compound produced by synthesizing α-pinene oil with sulfur (S) elements in alkaline conditions and high temperature. This compound is known to have cardioprotective activity. The cardioprotective activity of the dithiolethione compounds are well known, but not fully understood. The biological activities of these compounds, such as anticancer, antinematodes, and antifungals, are not widely known. The redox-modulator behavior of dithiolethione compounds is also still very limited. The structure of cyclic sulfur-containing molecules was used in this study as can be seen in Fig. 2 .
Redox Behavior of Cyclic Sulfur-Containing Molecules

Electrochemical Analysis
Cyclic voltammetry (CV) is an electroanalytic technique used to study the reduction-oxidation (redox) properties of a compound, both organic compounds and inorganic compounds [29, 30] . The CV is often used as a preliminary study to determine the possibility of biological activity of a compound.
Comparison of the value of the redox of a compound with a cell redox at the appropriate pH will provide the information about the reactivity of a compound [31] [32] [33] .
The CV is a powerful method to examine preliminary biological effects of a redox-active compound. The CV has three electrode system, that is, the reference electrode (reference electrode; a silver/silver-chloride electrode), working electrode, and counter electrode (using dropping mercury). CV generally works at a speed of 250 mV/s (scan rate), where the current is measured between the working electrode and the barrier electrode. Schematic of the CV electrochemical method can be seen in Fig. 3 .
Sulfur-containing compounds such as thiol, disulfide, and polysulphanes can be characterized by electrochemical Fig. 1 Formation of 1,2-and 1,3-dithiins from methiin and alliin, respectively [18] Fig . 2 The structures of cyclic sulfur-containing molecules were used in this study.
-thione or anetholedithiolethione, ADT); 9 (bicycloalkyldithiolethione or α-pinene trithione, APT); and 10 (5-(2-pyrazinyl)-4-methyl-1,2-dithiole-3-thione or oltipraz) oxidation-reduction behavior using the CV method. Extensive electrochemical characteristics of a compound can be used to determine redox-active antioxidants, chemopreventive agents, and pro-oxidant redox modulators, and some of them can be used to detect cellular signaling such as Bthiolstat^cells [11•, 34-36, 37•] .
In this study, differences in oxidation-reduction potential values of cyclic sulfur-containing molecules can provide an instruction for the chemical reactivity and biological effect of different compounds [38••, 39•] . The behavior of antioxidants and pro-oxidant from a cyclic sulfur-containing molecule is believed to originate from the reaction-oxidation potential value (redox potentials). To analyze the oxidation-reduction behavior of cyclic sulfur-containing molecules, it can be carried out under the appropriate conditions (e.g., in phosphate buffer at pH 7.4).
The CV can also be used as a pioneer to investigate the relationship between the chemical-electrochemical potentialbiological activities of a synthesized compound. The CV can also provide relevant information about redox behavior from a drug compound through a redox-based reaction.
The value of potential energy such as Ep a and Ep c can be used to predict chemical activity, the mechanism of biochemical action, and biological activity. On the other hand, the oxidation-reduction behavior (redox behavior) of a drug compound plays an important role in the biological activity of a compound. At present, many of cyclic sulfur-containing molecules have not yet been studied properly by electrochemical methods. The CV can also be used in the pharmaceutical field.
The electrochemical scheme using the CV method can be seen in Fig. 3 . Anodic signal (Ep a ) is a signal obtained due to oxidation of the reduced forms of the compound, while a cathodic signal (Ep c ) is a signal obtained due to reduction of the oxidized forms of the compound [31, 40] . CV glutathione (GSH) and mercury drop-electrode at a scan rate of 250 mV, with growth dropping mercury electrode at pH = 7.4, can be seen in Fig. 4 .
The Redox Behavior of Cyclic Disulfides Compounds
In this study, the oxidation-reduction behavior of cyclic disulfide compounds was analyzed by the presence or absence of glutathione (GSH). In this study, GSH was used as an internal standard. To determine whether there is an interaction between the tested compound and GSH, both (test compound and GSH) are mixed on the same electrolysis cell with the concentration ratio between the test compound and GSH is 1:2 (50 μM:100 μM). The use of GSH doubled the concentration to ensure that the reaction of third-drive exchange would go to completion.
The oxidation (Ep a ) and reduction (Ep c ) potential of cyclic disulfide compounds with the presence or absence of GSH can be seen in Table 5 . As expected, the results show that compound 2 does not show the oxidation (Epa) and reduction (Epc) potential signals because compound 2 does not have disulphide (S-S) bonds in its cyclic structure (Fig. 2) .
Potential reduction signals (Ep c ) for cyclic disulfide compounds are not affected if GSH exists simultaneously. The potential reduction value (Epc) for compounds 1, 3, and 4 with the absence of GSH are − 650, − 561, and − 556 mV, respectively. While the potential reduction values of compounds 1, 3, and 4 with the presence of successive GSH are − 656, − 585, and − 556 mV. The reduction potential value (Epc) of GSH itself is -470 mV, this value shifts positively towards the highest reduction potential if the GSH exists simultaneously with compounds 1, 3, and 4, with the Ep c values corresponding to − 426, − 422, and − 418 mV (see Table 1 ).
Because it has cyclic disulfide (S-S) bonds in the five-ring compounds, compounds 5 and 6 are also analyzed using the CV method as a comparison. In this test, CV and reduction potential (Ep c ) of these two compounds can be seen in Fig. 5 and Table 1 . 
The Redox Behavior of Cyclic Dithiolethione Compounds
The reduction-oxidation behavior of the cyclic dithiolethione compounds such as compounds 7, 8, 9, and 10 were also analyzed and measured using the same conditions as the previous compounds. As with compound 1, dithiol compounds also provide a more negative reduction potential compared to GSH.
The potential reduction value of the distortion group compounds can be summarized in Table 2 , while the CV of dithiolthione compounds can be seen in Fig. 6 .
Evaluation Biological Activities
Nematode Toxicity Studies on Steinernema feltiae Steinernema feltiae is an entomopathogenic nematode. In agriculture, these nematodes are generally used as Bphytoprotectants^because they are capable of invading host cells (hosts) and then eating eggs and larvae of pests in plants. The facts show that Steinernema feltiae is not a pest, but it is an organism that helps in agriculture and plantations. This nematode can also be used for laboratory testing without special safety testing. This nematode is very easy to culture and very easy to analyze the toxicity of a compound by only observing it under a microscope because it is micro nematode [41] . This nematode is also used as a model of higher organisms that are highly related to agricultural pests and the environment [42] . In recent years, tests on Steinernema feltiae nematodes have attracted researchers to be part of various laboratory experiments. This organism is very easy to handle, inexpensive, and does not require special handling. Because it has a short lifetime (very short life span), this nematode is always stored at temperatures ranging from 2 to 8°C. The purpose of this study was to determine the effect of organosulfur cyclic compounds on Steinernema feltiae. In this study, live and dead nematodes were counted under a microscope, and the percentages of viability were then determined.
In this article, the activity of cyclic sulfur-containing molecules was determined in various concentrations, ranging from 50 to 400 μM. This study is critical to do in that to evaluate whether vinyldithiins compounds (compounds 1 and 2) which S-S disulfide bonds play an important role in their activity against Steinernema feltia. The results prove that compound 1 (which has disulfide bonds, S-S) has a higher activity than compound 2 (which has not disulfide bonds, S-S). This finding indicates that disulfide bonds (S-S) play a significant role in the activity of this cyclic disulfide compound. In this article, other cyclic sulfur-containing molecules were synthesized in our laboratory such as compounds 3 and 4 were also determined to determine the comparison of activity data for the nematode test. The choice of compound 4 is because this compound has two atoms of P (p-type) free electron pairs; two S atoms of this compound are close together due to repulsive interaction [17] . The results showed that the compound 3 concentration of 400 μM had moderate activity against Steinernema feltiae with a percentage of viability of 67%. Similar to compound 3, compound 4 which has two S atoms which are close together because of the repulsive force is also tested at the same concentration, and the results show that compound 4 has an activity which is relatively the same as compound 3 with a percent of the viability of 62%.
Because it has disulfide (S-S) bonds in its pentacyclic structure, compounds 5 and 6 are also determined by their activity against Steinernema feltiae as a comparison. The results show that these two compounds have low activity against Steinernema feltiae. Overall, all of the cyclic disulfide compounds used in this study show several diverse activities. Interestingly, compound 1 (which has an S-S bond) has the highest activity compared to other cyclic disulfide compounds. The antinematicidal activity of compound 1 also might be influenced by the moiety of allyl group (-CH=CH 2 ) next to the S-S bond. Allyl group involves in a mechanism of abstraction H atom next to the S-S bond. Abstraction H atom of might play an important role for radical-trapping activities of compound 1 [17] .
Other cyclic sulfur-containing molecules were also taken into consideration to determine their activity against the Steinernema feltia worm. These compounds are groups of compounds which have dithiolethione ring systems, such as compounds 7, 8, 9, and 10. Regarding its structure, this group compound besides having disulfide (S-S) bonds on its pentacyclic structure, it also has a non-saturated thiocarbonyl group (C=S) on the side chain of the pentacyclic structure. Compared to other cyclic disulfide compounds, this group of compounds has a more stable structure.
The test results on nematodes show that this cyclic dithiolethione group compound has a rather prominent activity against Steinernema feltia. Compound 7, for example, has considerable activity at concentrations above 100 μM. Compared to other compounds in this class of compounds, compound 7 has the highest activity at concentrations of 200 and 400 μM, even higher than compounds 10. Compounds 10 are known to be commercially used as drugs for cystosomide, a drug used for the treatment of schistosomiasis diseases caused by Schistosoma parasitic worms (parasitic worms that cause Katayama fever). Compound 7 is a compound with a small structure and has a small molecular weight, which is thought to have a faster and easier penetration to Steinernema feltia cell membranes than to compound 10. In addition, another possibility is a thiocarbonyl (C=S) bond of compound 7 may interact with sulfur proteins in the membrane cell.
Botrytis Assay on Botrytis cinerea
Botrytis cinerea (Bgray mold^) is a necrotrophic fungus that infects crops, especially grapes. The mechanism of action of this fungus is to infect the surface of the plant, then germinate and form the appressorium, the fungus then titrate to healthy cells, and cause necrotic lesions. This condition causes the plant to wither and eventually die [43] . This test aims to analyze the activity of several cyclic sulfurcontaining molecules against fungi Botrytis cinerea which causes gray mold in vines. − 569 ± 7.7 -− 547 ± 1.8 In this study, we used four strains of Botrytis cinerea; these four strains can be explained in Table 3 . The multidrugresistant phenotype (MDR) is usually associated with an increase in drug efflux via an over expression transporter [44] .
Ep
In this study, ethanol and dimethyl sulfoxide (DMSO) were used as solvents to dissolve the test compound.
The concentration of ethanol solvent used in this study ranged from 0.05 to 1.36%, while the DMSO solvent used ranged from 0.01 to 1.5%, while the concentration of cyclic sulfur-containing molecules used in this article ranged from 0.05 to 3.2 mM.
The results of the activity test on Botrytis cinerea showed that some cyclic sulfur-containing molecules only affected wild-type (WT) strains, not on mutant strains. This is most likely because some particular compounds are transported out of the fungal cell through a specific transport system. The results show that compound 7 is very active in inhibiting spore MDR 2 strains at a concentration of 0.4 mM (Fig. 7) . At concentrations of 0.4 and 0.6 mM, this compound also provides the best inhibitory activity against strains of MDR 1, MDR1*, and WT. Overall, cyclic sulfur-containing molecules with S-S structure provide moderate inhibition of the growth of Botrytis cinerea fungi (Table 5) .
Impact on the Survival of Neuro 2a Cell Line
Cell study is the primary system for research in the field of biology. In vitro testing is becoming increasingly important because of the high cost of using experimental animals, besides that, in vitro testing is also very important because of the problem ethics. So that some tests are carried out on several cells and cell lines (cell lines). The cell test was carried out using the Live and Dead assay method. In this method, calcein-AM and propidium iodide (PI) are used to determine the viability of the Neuro 2a cell line, a line cell from cell neuroblastoma. The mode action of calcein-AM and PI staining to determine viable and dead cells is shown in Fig. 8 .
There are three reasons why in this study we used Neuro 2a cell line cells to determine the activity of cyclic sulfurcontaining molecules. First, Neuro 2a cells are GSHcontaining cells five times higher than other cell lines, such as PC12 cell line cells (derived from a transplantable rat pheochromocytoma) [44] . Second, this cell has expanded to be used as a model to determine the neuronal function of the system. Third, Neuro 2a cell line is very easy to differentiate using retinoic acid so that it is close to Breal neurons.^The main objective of this study was to determine the anticancer properties of cyclic sulfur-containing molecules against Neuro 2a cell line. Neuro 2a cell line was used to determine the effect of cyclic sulfur-containing molecules with the presence or absence of hydrogen peroxide (H 2 O 2 ). The addition of H 2 O 2 is used to analyze the oxidative effects of stress on the compound. Previous research has shown that selenium and tellurium compounds exhibit outstanding antioxidant effects in cells when incubated simultaneously with H 2 O 2 . Sulfurcontaining molecules generally show the highest pro-oxidant activity. Nonetheless, the pro-or antioxidant properties of selenium and tellurium compounds are highly dependent on the environmental conditions of the cell [11, 44, [46] [47] [48] [49] .
Oxidative stress (OS) is known to be able to induce cell injury (cell injury), or even be able to cause cell damage, or can directly kill cells. In neuronal cells, several OS mechanisms have been studied. H 2 O 2 is known to cause apoptosis in cortical neurons by directly attacking DNA or OS can also occur through the mechanism of activation of an endonuclease which results in disruption of DNA, and ultimately causes cell death [46, 47, 50] . Another effect of H 2 O 2 is to influence the function of mitochondrial cells by preventing mitochondrial Ca 2+ accumulation; consequently, the production of ATP in mitochondria decreases which ultimately leads to cell death [47, 50] .
In this study, the activity of H 2 O 2 was not tested for its activity against sulfur-containing molecules before Neuro 2a cell line. The effect of H 2 O 2 was carried out in different concentrations (100-1000 μM). The results showed only 75% of the cells are viable at the concentration of 100 μM, while the concentration of 1000 μM, H 2 O 2 , is absolutely toxic against the Neuro 2a cells with the survival rate of just 5%. Because Neuro 2a cell line has a high GSH level, so these cells tend to 
MDR 1
Multidrug-resistant strain due to overexpression on ATP-binding cassette (ABC) and artB transporters. MDR 1* Multidrug-resistant strain due to the higher overexpression or higher resistance levels on ABC and artB transporters.
MDR 2
Multidrug-resistant strain due to overexpression on major facilitator superfamily (MFS) transporter MfsM2. Fig. 6 The cyclic voltammogram of cyclic dithiolethione compounds in the presence and in the absence of glutathione (GSH), glutathione (GSH), and mercury drop-electrode at scan rate 250 mV/s, with growth dropping mercury electrode at pH = 7.4
be more resistant to oxidative stress compared to other cells. The results showed that the difference in H 2 O 2 activity between 100 and 250 μM did not differ significantly. Therefore, in this assay, the concentration of hydrogen peroxide of 250 μM was therefore used in the subsequent experiments to investigate the effect of the cyclic sulfur-containing molecules on the oxidative stressed in the absence and in the presence of H 2 O 2 . The final concentration of organosulfur compounds are tested in this assay ranged between 1 and 100 μM. Surprisingly, almost all of the cyclic sulfur-containing molecules used in this study did not show a significant effect on Neuro 2a cell lines after 24 h of incubation; this might be the high level of GSH in the Neuro 2a cell line, while the activity Fig. 8 Calcein-AM and PI staining used to determine viable and dead cells (adopted from ref. [45] ) Fig. 7 The MDR 2 strains treated with compound 7 for 48-h incubation at room temperature. Inhibition started (0.1 mM), less germination (0.2 mM), strong inhibition (0.3 mM), and total death (0.4 mM). The strains were observed under Nicon Eclipse TS 100 microscope. Magnification × 100 of cyclic sulfur-containing molecules was shown to be relatively weak, and statistical analysis showed significant activity. Unfortunately, we were not able to determine the activity of cyclic sulfur-containing molecules to other cell line which is known to have lower GSH level such as PC12 cell line as a control or comparable.
In contrast, compounds 3 and 4 in the absence of H 2 O 2 showed high toxicity effects at a concentration of 100 μM. However, the two compounds were simultaneously incubated in the presence of H 2 O 2 ; they showed weak activity against Neuro 2a cell line. These results can be used as clues that these two compounds may have the character as a pro-oxidant. Figure 9 shows that these two compounds cause cell bubbling; cell melting is the initial mechanism for the cause of apoptosis. In this test, cells were stained first using calcein-AM and propidium iodide (PI) to the difference between living and dead cells. Living cells are capable of producing green fluorescence because of the effects of hydrolysis reaction by the esterase enzymes in living cells. While in dead cells, the cell to produce red fluorescence was due to the nucleus through the dead cell membrane and DNA to produce red fluorescence (Fig. 9) .
Other cyclic disulfide compounds such as compounds 7, 8, 9, and 10 also determined its activity against the Neuro 2a cell line; the results showed that these four compounds were not toxic effects on cells either by the presence or absence of H 2 O 2 .
The Summary of Biological Activities of Cyclic Sulfur-Containing Molecules LD 50 Values on Steinernema feltiae
The LD 50 value of cyclic sulfur-containing molecules against Steinernema feltiae was determined using Origin 7.5 software. This LD 50 value is determined after 24 h of incubation. The LD 50 value of cyclic sulfur-containing molecules against Steinernema feltiae is tabulated in Table 4 . Table 4 shows that compound 1 has the highest activity on Steinernema feltiae with LD 50 value of 151.93 ± 1.3 μM, while other organosulfur compounds that have a separate structure have LD 50 values ranging from 200 to 280 μM. Compound 9, which is a compound from our laboratory, shows relatively good activity with an LD 50 value of 207.73 ± 1.8 μM, while compounds 2-6 and 8 which are presented in Table 4 show a greater LD 50 value against Steinernema feltiae.
MIC 50 Values on Botrytis cinerea
The MIC 50 value of cyclic sulfur-containing molecules against Botrytis cinerea fungi which was determined using Origin 7.5 software is presented in Table 5 . Table 5 shows that compound 5 and compound 7 had the lowest MIC 50 value compared to other sulfur-containing molecules. 50 value for all fungal strains used. Interestingly, compound 1, compounds that have disulfide bonds (S-S bonds), has higher antifungal activity than compound 2 (compounds which are isomers of compound 1) to strains MDR1 and MDR1* with MIC 50 values of 0.20 ± 0.0 and 0.37 ± 0.1 mM respectively.
IC 50 Values on Neuro 2a Cell Line
The IC 50 value of cyclic sulfur-containing molecules against Neuro 2a cell line is determined in the absence and in the presence of hydrogen peroxide (H 2 O 2 ). The IC 50 values of sulfur-containing compounds on Neuro 2a cell line are mentioned in Table 6 . Table 6 The preliminary results of this study are expected to provide the performance of activities of some cyclic sulfurcontaining molecules against Neuro 2a cell line.
Conclusion
This review summarizes the cyclic sulfur-containing molecules and their synthetic analogues did not react with glutathione (GSH). The nematicidal assay indicated that compound 1 was most active against Steinernema feltiae, while dithiole thione group compounds showed moderate activity against this nematode. Furthermore, compound 7 has a strong activity against all different strains of Botrytis cinerea. This result also finds that compounds 3 and 4 possess some moderate activity on Neuro 2a cell lines. Cyclic sulfur-containing molecules indicated that they could be promising candidates for Bgreen pesticides^or phytoprotectans and for cancer prevention.
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